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

)LJ3RLQWFORXGDQGUHIHUHQFHGSKRWRJUDSKVREWDLQHGXVLQJ7ULPEOH&;LQVWUXPHQWLQDUHD

'XULQJPLQLQJRSHUDWLRQVE\WKHH[SORVLYHPHWKRGLWLVYHU\LPSRUWDQWWRJHWLQIRUPDWLRQDERXWFROODSVHWRSRORJ\
DQGDERXWH[SORGHGPDVVYROXPH:KHQXVLQJWUDGLWLRQDOPHDVXULQJPHWKRGVSURFHVVLQJRIWKHUHVXOWVWDNHVPXFK
WLPH6LQFHWKHDFFXUDF\RIWKHPLQHVXUYH\LQSLWVGRQRWKDYHWREHYHU\KLJKZHPD\XVHSDUWVRISRZHUOLQHV
VWDWLRQDU\PLQLQJHTXLSPHQWDQGHYHQRYHUVL]HGRUHSLHFHVDVDFKHFNSRLQWV/DWHURQZHXVHWKHVHFKHFNSRLQWVIRU
VFDQVDOLJQPHQWDQGIRU WUDQVIRUPLQJRISRLQWFORXGVLQWRORFDOFRRUGLQDWHVV\VWHP7KHPDLQLGHDRIXVLQJODVHU
VFDQQLQJWHFKQRORJ\LQWKLVFDVHLVLQVFDQQLQJRIWKHH[SORVLRQEORFNEHIRUHDQGDIWHUH[SORVLRQ'XULQJVXUYH\LQJ
RIWKHEORFNEHIRUHH[SORVLRQZHFUHDWHSRO\JRQDOPRGHO7KHQZHPDGHWKHVDPHSURFHGXUHDIWHUH[SORVLRQ%RWK
RIWKHSRO\JRQDOPRGHOVDUHWUDQVIRUPHGLQWRORFDOFRRUGLQDWHV\VWHP>@)URPWKHGLIIHUHQFHRIVXUIDFHVZHPD\
FDOFXODWHWKHYROXPHRIH[SORGHGPDVV,ILWLVQHFHVVDU\ZHPD\GLYLGHWKHVXUIDFHLQWRVHFWRUVDQGJHWWKHYROXPH
RIH[SORGHGPDVVLQHYHU\VHFWRUUHODWLYHO\VRPHOHYHO%HVLGHVWKHPRGHORIWKHH[SORGHGEORFNFDQEHUHSUHVHQWHG
DLQDWKUHHGLPHQVLRQDOIRUPVHH)LJ
/RFDWLRQDQGJHRORJLFDOVWUXFWXUHRIWKHRSHQSLW
7KHOLPHVWRQHPLQHORFDWHGLQWKH+RUQp6ĚQLHRIWKHZHVWHUQ6ORYDNUHJLRQ>NP@QRUWKZHVWZDUGRIWKH7UHQþtQ
WRZQKDVEHHQGHYHORSHGLQWKHWKFHQWXU\7KHUHOLHILVDKLOO\SODLQZLWKHOHYDWLRQUDQJLQJIURP>P@WR
>P@7KHPDLQULYHULQWKHDUHDLVWKH9ODUD5LYHU7KHGHSRVLWKDVEHHQH[SORUHGGRZQWR>P@OHYHODQGLWVDUHDLV
 >P@7KHRSHUDWLQJRSHQSLW&HPPDF LV ORFDWHG LQ WKHQRUWKHUQSDUW7KHPDLQSURGXFWLYH URFNGHSRVLW LV
VSLQ\OLPHVWRQHKRPRJHQHRXVLQPHFKDQLFDOSURSHUWLHVDQGKDVDVWHHSPRQRFOLQDOGLS7KHURRIRIWKHSURGXFWLYH
VWUDWXPKDVDQH[WUHPHO\LUUHJXODUVXUIDFHZLWKPDUOV
$W XSSHU OHYHOV OLPHVWRQH DUH PHGLXPIUDFWXUHG DQG PHGLXPODUJHEORFN $W ORZHU OHYHOV OLPHVWRQH¶V DUH ORZ
IUDFWXUHGDQGYHU\ODUJHEORFN7KHJHRORJLFDOVWUXFWXUHRIWKHUHJLRQLVFRPSRVHGRIVHGLPHQWVFDSSHGE\1HRJHQH
DQGTXDWHUQDU\ORRVHIRUPDWLRQV7KHXVHIXOWKLFNQHVVRIWKHGHSRVLWLVSUHVHQWHGE\WKHVSLQ\OLPHVWRQH¶V7KH\DUH
PDVVLYHKDUGILQHJUDLQHGZLWKLUUHJXODUIUDFWXULQJDQGYDULDEOHFRORXUIURPGDUNWRZKLWH7KHWHFWRQLFVWUXFWXUH
RIOLPHVWRQHVWUDWDKDVQRWEHHQVWXGLHGLQGHWDLOV\HW)DXOWLQJLVZLGHO\VSUHDGLQOLPHVWRQHKDVGLIIHUHQWIRUPVDQG
DPSOLWXGHV0HGLXPDQGVPDOOIDXOWVLQOLPHVWRQHVWUDWDDUHRIGLIIHUHQWPRUSKRORJ\SUHGRPLQDQWO\XSWKURZ¶VDQG
WKUXVWVUDUHO\XSIDXOWVIDXOWVDQGEHGGLQJSODQHVOLSVPDLQO\LQPDUEOHGLQWHUOD\HUV+\GURORJLFDOVLWXDWLRQRI WKH
RSHQSLWLVLQIDYRXUDEOHFRQGLWLRQZKLFKLVSURYHGE\QRZDWHUDFFXPXODWHGGXULQJPLQLQJLQEHQFK

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/DVHU6FDQQLQJ
7KH'HSDUWPHQWRIJHRWHFKQLFVRI8QLYHUVLW\RIäLOLQDKDYHFDUULHGRXW'VXUYH\LQJRIWKHYHUWLFDORSHQSLWVLGH
7KHDLPRIWKHVXUYH\LQJZDVWRPHDVXUHOLQHDUGLPHQVLRQVRIJHREORFNVZLWKDQDFFXUDF\RI>FP@LQRUGHUWR
HODERUDWH D ' GLJLWDO PRGHO DQG EDVHG RQ WKLV REWDLQ WKH JHRLQIRUPDWLRQ PRGHO RI WKH URFN PDVV ,Q WKLV
FRQQHFWLRQ ODVHUVFDQQLQJRIDSDUWRI WKH+RUQp6ĚQLH OLPHVWRQHRSHQSLW VLGHDQGDSKRWRUHDOLVWLFGLJLWDOPRGHO
ZDVFRQVWUXFWHG)LJ7KH'ODVHUVFDQQLQJZDVEDVHGRQWKHSULQFLSOHRIUHIOHFWLRQOHVVRIGLVWDQFHVE\PHDQVRI
DODVHURSHUDWLQJLQDSXOVHRUSKDVHPRGH7KHODVHULPSXOVHGLUHFWHGWRZDUGVDQREMHFWLVUHIOHFWHGDQGLVUHFRUGHG
E\DUHFHLYHU7KHQWKHGLVWDQFHWRWKHPHDVXULQJSRLQWLVFDOFXODWHGIURPWKHNQRZQODVHUEHDPWUDYHOYHORFLW\DQG
WLPH YDOXHV PXOWLSOLHG DQG KDOYHG 7KH SKDVH PRGH PHWKRG LV WKH GHWHUPLQDWLRQ GLIIHUHQFH LQ SKDVHV RI WKH
WUDQVPLWWHGDQGUHFHLYHGPRGXODWHGVLJQDOV



)LJ3RLQWFORXGIURPWKHVFDQLQSDQRUDPDYLHZ

'VXUIDFHODVHUVFDQQHU
7KH ODVHU VFDQQHU FRQVLVWV RI WKUHH PDLQ XQLWV D KLJK IUHTXHQF\DGDSWHG UDQJH ILQGHU VFDQQLQJ PRGXOH IRU
PHDVXULQJZLWKKLJKSUHFLVLRQ WKHKRUL]RQWDODQGYHUWLFDODQJOHVRI WKH UHFHLYHWUDQVPLW WUDFNRI WKH UDQJHILQGHU
DQGDFRPSXWHU
Optomechanical Laser Scanning Unit7KHEDVLFIXQFWLRQVRIWKHVFDQQLQJXQLWDUHWRVKLIWWKHUHFHLYHWUDQVPLWWUDFN
RIWKHUDQJHILQGHUDQGKROGWKHDQJOHVRIODVHUEHDPGLUHFWLRQDOLW\7KHVFDQQLQJXQLWLVDQRSWRPHFKDQLFDOV\VWHP
FRQVLVWLQJRIPLUURUSULVPVDQGVHUYRGULYHVGHIOHFWLQJWKHODVHUEHDPLQWKHYHUWLFDODQGKRUL]RQWDOGLUHFWLRQV
The Range Finder Unit (Receiver/Transmitter) PHDVXUHVGLVWDQFHVWRDQREMHFWVFDQQHG$VHPLFRQGXFWLQJODVHULV
DV D UDGLDWLRQ VRXUFH 7KH GLVWDQFH WR DQ REMHFW FDQ EH GHWHUPLQHG E\ ERWK WKH VLJQDO WUDQVPLVVLRQ WLPH SXOVH
PHWKRGDQGWKHSKDVHVKLIWRIWKHVLJQDOVWUDQVPLWWHGDQGUHIOHFWHGIURPWKHREMHFWSKDVHPHWKRGGHSHQGLQJRQD
ODVHUVFDQQHUPRGHO
Data Transmission to the Control Computer. &RPSXWHUDLGHGFRQWURORIWKHODVHUVFDQQHURSHUDWLRQGHWHUPLQDWLRQ
RI WKHVFDQUHJLRQDQGIUHTXHQF\DQG WKHEXLOWLQPLFURSURFHVVRUGLJLWL]HGGDWD WUDQVPLVVLRQ LVSHUIRUPHGZLWKD
VSHFLDO VRIWZDUH 7KH VXUIDFH ODVHU VFDQQLQJ 6/6 SURGXFHV D ' SRLQW FORXG LQ VSDWLDO FRRUGLQDWHV WKHLU D[HV
GLUHFWLRQEHLQJJRYHUQHGE\ WKH GHVLJQ RI WKH LQVWUXPHQW7KH GDWD UDWH LQ GLIIHUHQW ODVHU VFDQQHUPRGHOV UDQJHV
DERXWSRLQWVSHUVHFRQGWKXV\LHOGLQJLQQRWLPHDSRLQWFORXGGHVFULELQJWKHVXUIDFHRIDVWXGLHGREMHFW>@
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3RLQWFORXGFOHDQLQJDQGSURFHVVLQJ
7KHILUVWVWDJHRIWKHGDWDSURFHVVLQJLVFOHDQLQJDQGGHFLPDWLRQIRUZLWKGUDZLQJWKHGDWDQRQUHODWHGWRWKHREMHFW
UHIOHFWLRQVRIDODVHUEHDPIURPXQZDQWHGREMHFWVWRHOLPLQDWHVHFWLRQVRIWKHREMHFWZKLFKDUHEH\RQGWKHXVDJH
UDQJHDQGWRVLPSOLI\WKHPRGHO7KHGHQVLW\RISRLQWVREWDLQHGIURPWKHVFDQQHULVQRQXQLIRUP7KHUHJXODUPHVK
RISRLQWV LV UHTXLUHG WRKDYHPRUHFRPSOHWH DQGSUHFLVH UHSUHVHQWDWLRQRI WKH VXUIDFHDQG LWVEHWWHUYLVXDOL]DWLRQ
6RIWZDUHWRROVRIWKHVFDQQLQJGDWDSURFHVVLQJIXOILOWKLVIXQFWLRQ7KHGHFLPDWLRQLVSHUIRUPHGHLWKHUPDQXDOO\RU
DXWRPDWLFDOO\ ,Q WKH ILUVW FDVH WKH RSHUDWRU XVHV VSHFLDO VRIWZDUH WRROV DQG LQGLFDWHV SRLQWV ZKLFK VKRXOG EH
UHPRYHGRU UHVHUYHGZKLOH LQ WKHVHFRQGFDVH WKHSRLQWFORXGGHFLPDWLRQ LVGRQHDXWRPDWLFDOO\E\ WKHSURJUDP
WKURXJK VSDWLDO ILOWHUV DFFRUGLQJ WR WKH FULWHULD VHW E\ WKH RSHUDWRU 7KH VRIWZDUH IRU WKH ODVHU VFDQQLQJ GDWD
SURFHVVLQJLQFOXGHVVRPHSURIRXQGPHWKRGVRIGHFLPDWLRQ)RUH[DPSOHLWLVDOORZHGWRUHPRYHUDQGRPO\DSRUWLRQ
RISRLQWVDQGWRKROGDFHUWDLQVKDUHRIWKHLULQLWLDOQXPEHURUWRRUGHUWKHPXQGHUFRQGLWLRQRIWKHPLQLPDOGLVWDQFH
EHWZHHQWKHP>@

'LJLWDOPRGHORIRSHQSLWPLQH
$IWHUWKHSRLQWFORXGGHFLPDWLRQDQGUHJXODUL]DWLRQDGLJLWDOPRGHORIDQREMHFWLVGHYHORSHGDVDWULDQJXODUVXUIDFH
,QWKHFRXUVHRISURFHVVLQJDUDVWHUPRGHOLVWUDQVIRUPHGLQWRDYHFWRUPRGHOWKDWGHVFULEHVIHDWXUHVRIWKHVFDQQHG
REMHFW VXUIDFH 7KH WULDQJXODWLRQ LV DSSHDUHG WR EH WKHPRVW HIILFLHQWPHWKRG IRU GHYHORSLQJ WKH GHWDLOHG KLJKO\
SUHFLVH'PRGHORIWKHVWUXFWXUHGSLWVLGHLQWKHFDVHVWXG\GLVFXVVHG,QWKHWULDQJXODWHGVXUIDFHHDFKSRLQWLVD
YHUWH[RIDWULDQJOHDQGLVGHVFULEHGE\WKHVSDWLDOFRRUGLQDWHVXYZ2QHRILWVYHUVLRQVLVDWULDQJXODWHGLUUHJXODU
QHWZRUNVHH)LJZKHUHVXUIDFHLVUHSUHVHQWHGE\WULDQJOHIDFHVDQGHDFKGDWDSRLQWFRUUHVSRQGVWRWKHWULDQJOHRI
WKHUHIHUHQFHQHWZRUN

)LJ7,1PRGHORIWKHOLPHVWRQHTXDUU\

7KH DGYDQWDJH RI WKLVPHWKRG LV WKDW WKH GHWDLOHG LQLWLDO GDWD UHSUHVHQW DFFXUDWHO\ VWUXFWXUDO GHWDLOV RI WKH REMHFW
VXUIDFHSURILOHEXWWKHSURFHVVLQJSURGXFWLYLW\GURSVDVWKHLQIRUPDWLRQRQLQLWLDOPRGHOJURZV+LJKGHQVLW\RIWKH
QRGDOSRLQWVPDNHVWKHREMHFWVXUIDFHPRGHOORRNURXJK7RUHPRYHURXJKQHVVVPRRWKLQJPHWKRGDUHDSSOLHGDQG
WKXV WKH WULDQJXODWLRQ LV RSWLPL]HG 7KLVZD\ LV LQ D VHQVH VLPLODU WR WKH SRLQW FORXG GHFLPDWLRQ EXW LW KDV DQ
DGYDQWDJHDWWKLVVWDJHWKHUHOLHIRIWKHVWUXFWXUHGREMHFWLVYLVXDOO\UHSUHVHQWHGE\WKHWULDQJXODWLRQVXUIDFHDQGWKH
LQWHQVLW\RILWVVPRRWKLQJLVRQOLQHVHWE\DXVHU'HSHQGLQJRQWKHGLJLWDOPRGHOREMHFWLYHVLWLVSRVVLEOHWRXVHDQ
LQYHUVHPHWKRGRIWKHWULDQJXODWLRQUHILQHPHQWE\VHSDUDWLQJDYDLODEOHWULDQJOHVZKLFKSURYLGHVPRUHFRUUHFWGHWDLO
OHYHORI WKHREMHFWHOHPHQWV>@7KXV WKHWZRVWDJHPHWKRGIRU WKHVFDQQLQJGDWDSURFHVVLQJFOHDQLQJRIDSRLQW
FORXGDQGWULDQJXODWLRQRSWLPL]DWLRQUHOHDVHVIURPQRLVHVDQGHUURUVRIPHDVXUHPHQW>@
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7ULDQJXODWLRQJHQHUDOL]DWLRQDQGRSWLPL]DWLRQ
7KHPDLQLGHDFRQFHUQLQJJHQHUDOL]HGWHUUDLQPRGHOVLVWKDWWKHUHSUHVHQWDWLRQRIDVXUIDFHLQDQDUELWUDU\OHYHORI
GHWDLO FDQ EH FDUULHG WKURXJK E\ WKH LQVHUWLRQ RI VLJQLILFDQW SRLQWV LQ D URXJKPRGHO RU E\ WKH UHPRYDO RI OHVV
VLJQLILFDQWSRLQWVRIDGHWDLOHGPRGHO0RVWRIVXUIDFHVLPSOLILFDWLRQPHWKRGVIRXQGLQOLWHUDWXUHFDQEHFODVVLILHGDV
PHWKRGV RI UHILQHPHQW DQG GHFLPDWLRQ 7KH UHILQHPHQWPHWKRG VWDUWVZLWK D FRDUVH DSSURDFK RI WKH VXUIDFH DQG
UHSHDWHGO\ DGGLQJ SRLQWV WR WKH WULDQJXODWLRQ XQWLO WKH PRGHO VDWLVILHV D VSHFLILHG DSSURDFKLQJ FULWHULRQ 7KH
GHFLPDWLRQPHWKRGLQLWLDWHVZLWKWKHWULDQJXODWLRQPRGHOFRQWDLQLQJWKHHQWLUHVHWRISRLQWVVLPSOLI\LQJLWLWHUDWLYHO\
XQWLOWKHDSSURDFKLQJFULWHULRQLVVDWLVILHG>@7KHPDLQREMHFWLYHRIDGHFLPDWLRQDOJRULWKPLVWRUHGXFHWKHQXPEHU
RIWULDQJOHVLQDPHVKSUHVHUYLQJWKHPDLQIHDWXUHVDWWKHEHVWGHILQLWLRQ7KHDOJRULWKPXVHGLQWKLVZRUNILWVLQWKLV
ODVWJURXS0RVWRIGHFLPDWLRQDOJRULWKPVFDQEHFODVVLILHGLQWKUHHFDWHJRULHVDFFRUGLQJWRWKHJHRPHWULFHQWLWLHV
XVHGIRUWKHUHPRYDO>@
7KHPDLQJURXSVDUH)LJ
x 1RGHVGHFLPDWLRQ
x (GJHVGHFLPDWLRQ
x 'HFLPDWLRQRI7ULDQJOHV



)LJ'HFLPDWLRQ&DWHJRULHV$E\9HUWH[%E\(GJHV&E\7ULDQJOHV

7KHDOJRULWKPXVHVDQLWHUDWLYHYHUWH[GHFLPDWLRQDSSURDFKUHPRYLQJDSRLQWRQHDFKVWHS$QLQLWLDOWULDQJXODWLRQ
LV FUHDWHG DGGLQJ D OLQH WKDW FRQQHFWV GLDJRQDO SRLQW WR HDFK [ QHLJKERXUKRRG 7KH HUURU PHDVXUHG DV WKH
GLIIHUHQFHVLQWKHHOHYDWLRQEHWZHHQWKHWZRVXUIDFHVLVFDOFXODWHGIRUHDFKUHPDLQLQJSRLQWLQWKHWULDQJXODWLRQDQG
WKHSRLQWZLWKWKHLQIHULRUHUURULVH[FOXGHG>@
7KHDOJRULWKPH[HFXWHVPXOWLSOHWLPHVRQDQH[LVWLQJWULDQJXODWLRQUHPRYLQJYHUWH[XQWLODVSHFLILHGYDOXHRIHUURU
LVUHDFKHG7KHHUURURQWKHYHUWH[LVFDOFXODWHGEDVHGRQWKHYDOXHRIWKHGLVWDQFHIURPWKHSRLQWWRWKHDYHUDJHSODQ
RIWKHQHLJKERXUYHUWH[>@

7KHVLPSOLILFDWLRQFDQDOVREHGRQHWKURXJKWKHWULDQJXODWLRQRIDQHZVHWRIYHUWH[LQUHSODFHPHQWIRUWKHRULJLQDO
WULDQJXODWLRQ,QWKLVDSSURDFKDQLWHUDWLYHSURFHGXUHRISRLQWUHSXOVLRQLVXVHGWRGLVWULEXWHWKHQHZVHWRISRLQWV
RYHU WKH VXUIDFH FRQFHQWUDWLQJ PRUH SRLQWV LQ WKH UHJLRQ ZLWK KLJKHU FXUYDWXUH 7KHQ WKH RULJLQDO SRLQWV DUH
UHPRYHGRQHE\RQHUHVXOWLQJLQDWULDQJXODWLRQWKDWSUHVHUYHVWKHWRSRORJ\RIWKHRULJLQDOVXUIDFH
7KH DSSURDFK WKDW ZDV XVHG LQ WKLV ZRUN VWDWHV WKDW WKH FULWHULRQ IRU WKH YHUWH[ VHOHFWLRQ LV FUXFLDO GXULQJ WKH
JHQHUDOL]DWLRQ SURFHVV VLQFH WKLV FDQ HVWDEOLVK WKH TXDOLW\ DQG SUHFLVLRQ RI WKH UHVXOWDQWPHVK 7KLV WHFKQLTXH LV
NQRZQDV/UXOHWKDWLVEDVHGRQWKHPD[LPXPGLIIHUHQFHEHWZHHQWKHRULJLQDOHOHYDWLRQGDWDDQGWKHJHQHUDOL]HG
VXUIDFH7KHGLIIHUHQFHFRUUHVSRQGVWRDPHDVXUHRIORFDOHUURU$QRWKHUFRPPRQDSSURDFKLVWKH/UXOHWKDWDOORZV
DPHDVXUHRIDYHUDJHVKXQWLQJEHWZHHQWKHRULJLQDODQGWKHDSSURDFKHGPRGHO7KHOLPHVWRQHYROXPHVREWDLQHGE\
XVLQJ'PRGHOLQYDULRXVVWDJHVRIJHQHUDOL]DWLRQDUHVXPPDUL]HGLQWKH7DEOH

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7KUHVKROG 7KUHVKROG 7KUHVKROG
  
(UURUFRHIILFLHQW
  
)LJ(UURUEHWZHHQRULJLQDODQGJHQHUDOL]HGPRGHOV

7DEOH5HVXOWVREWDLQHGIRUPRGHORI+RUQp6ĚQLHRSHQSLWPLQH
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&RQFOXVLRQV
7KHUHDG\PDGH'GLJLWDOPRGHORIWKHRSHQSLWVLGHVXUIDFHGHYHORSHGEDVHGRQWKHVXUIDFHODVHUVFDQQLQJDOORZV
OLQHDUPHDVXUHPHQWVRIWKHURFNPDVVJHREORFNVIRUJHRORJLFDOVWUXFWXULQJWREHPDGHZLWKWKHSUHVFULEHGSUHFLVLRQ
ZLWK QR LQVLWX OLQHDU DQG DQJXODUPHDVXUHPHQWV 7KH SUHVHQWHG GLJLWDOPRGHO FDQ DOVR EH XVHG WR REWDLQPHWULF
OLQHDUDQGDQJXODUFKDUDFWHULVWLFVRIWKHREMHFWHOHPHQWVIRUOD\RXWVFURVVVHFWLRQVDQGSURILOHVWRHYDOXDWHDUHDV
DQG YROXPHV >@ 7KH DGYDQWDJHV RI WKH GLVFXVVHG PHWKRG UHPRWH PHDVXUHPHQW KLJK VSHHG SUHFLVLRQ DQG
FRPSOHWHQHVV RI WKH GDWD FRPSLODWLRQ DOORZ UHFNRQLQJ WKH SURSRVHG ODVHU VFDQQLQJ WHFKQLTXH DQ DGHTXDWH
DOWHUQDWLYH WR WKH FRQYHQWLRQDO WKHRGROLWH VXUYH\LQJPHWKRGV DQG WKH IXQGDPHQWDOO\ QHZ DSSURDFK WR VROYLQJ WKH
JHRPHFKDQLFDODQGJHRSK\VLFDOSUREOHPVFRQFHUQLQJWKHJHRLQIRUPDWLRQVWUXFWXULQJRIURFNPDVVHVZLWKWKHXVHRI
'GLJLWDOPRGHOV

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